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ABSTRACT 

The present invention relates to compositions and methods 
of use of cupredoxins, and variants, derivatives and struc 
tural equivalents of cupredoxins that interfere With the 
ephrin signaling system in mammalian cells. Speci?cally, 
the invention relates to compositions and methods that use 
cupredoxins, such as aZurin, rusticyanin and plastocyanin, 
and variants, derivatives and structural equivalents thereof, 
to treat cancer in mammals. 
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COMPOSITIONS AND METHODS FOR 
TREATING CONDITIONS RELATED TO 

EPHRIN SIGNALING WITH CUPREDOXINS 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. §§ 
119 and 120 to US. Provisional Patent Application Ser. No. 
60/764,749, ?led Feb. 3, 2006, US. Provisional Patent 
Application Ser. No. 60/682,812, ?led May 20, 2005, and 
US. patent application Ser. No. 11/244,105, ?led Oct. 6, 
2005, Which claims priority to US. Provisional Patent 
Application Ser. No. 60/616,782, ?led Oct. 7, 2004, and US. 
Provisional Patent Application Ser. No. 60/680,500, ?led 
May 13, 2005, and is a continuation-in-part of US. patent 
application Ser. No. 10/720,603, ?led Nov. 11, 2003, Which 
claims priority to US. Provisional Patent Application Ser. 
No. 60/414,550, ?led Aug. 15, 2003, and Which is a con 
tinuation-in-part of US. patent application Ser. No. 10/047, 
710, ?led Jan. 15, 2002, Which claims priority to US. 
Provisional Patent Application Ser. No. 60/269,133, ?led 
February: 15, 2001. The entire content of these prior appli 
cations is fully incorporated herein by reference. 

STATEMENT OF GOVERNMENTAL INTEREST 

[0002] The subject matter of this application has been 
supported by research grants from the National Institutes of 
Health (NIH), Bethesda, Md., U.S.A., (Grant Numbers AI 
16790-21, ES 04050-16, AI 45541, CA09432 and N01 
CM97567). The government may have certain rights in this 
invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates to cupredoxins and 
their use in modulating cellular functions involving ephrins 
and ephrin receptors. The invention also relates to methods 
of treating ephrin-related conditions. More particularly, the 
invention relates to the use of a substantially pure cupre 
doxin in methods of sloWing groWth and metastasis of 
cancer cells and pathological conditions, and speci?cally 
those related to ephrin/ephrin receptor signaling, as Well as 
other therapeutic methods related to ephrin/ephrin receptor 
signaling. The invention also relates to variants, derivatives 
and structural equivalents of cupredoxins that retain the 
ability to interfere With the ephrin signaling system in cells. 

BACKGROUND 

[0004] The ephrin receptors (Eph receptors) are a large 
family of receptor tyrosine kinases that regulate a multitude 
of processes in developing and adult tissues by binding a 
family of ligands called ephrins. Eph receptors are divided 
into either the A- or B-type With ephrin ligands. There are 
currently nine knoWn members of the A-type, EphA1-8 and 
EphA10, and four knoWn members of the B-type, EphB1-4 
and EphB6. In general, the A class receptors preferentially 
bind A-type ligands, While the B class receptors preferen 
tially bind the B-type ligands. The Eph receptors are like 
other receptor tyrosine kinases, With a single transmembrane 
spanning domain, With a glycosylated extracellular region 
comprised of a ligand-binding domain With immunoglobu 
lin-like motifs, a cysteine rich region and tWo ?bronectin 
type III repeats. (SuraWska et al., Cytokine & GroWth Factor 
RevieWs 15:419-433 (2004)). The ephrin ligands are divided 
into the A and B class depending on their sequence conser 
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vation. EphrinA ligands are glycosylphosphatidylinisotol 
anchored and usually bound by Eph-A type receptors, While 
ephrinB ligands contain a transmembrane domain and a 
short cytoplasmic region and are usually bound by EphB 
type receptors. Id. 
[0005] The signaling process begins When Eph receptor 
dimeriZes With an ephrin ligand, causing the receptor to 
become phosphorylated. Aggregates of ephrin-EphReceptor 
complexes are formed by higher-order clustering. Receptor 
activation is thought to depend on the degree of multimer 
iZation, but is not limited to the tetrameric form as receptor 
phosphorylation is observed in both loWer- and higher-order 
forms. Depending on the state of multimeriZation, distinct 
Eph receptor complexes can induce biological effects. In 
addition to the “forWard” signaling through the Eph receptor 
into the receptor-expressing cell, there is also “backwards” 
signaling through the ephrin into the ephrin-expressing cell. 
For example, the cytoplasmic tail on the B-ephrins can 
become phosphorylated leading to the recruitment of sig 
naling effectors and a signal transduction cascade Within the 
ephrin-signaling cell. Id. 
[0006] Ephrins are noW knoWn to have roles in many 
cell-cell interactions, including axon path?nding, neuronal 
cell migration, and interactions in vascular endothelial cells 
and specialiZed epithelia. (Flanagan & Vanderhaeghen, 
Annu. Rev. Neurosci. 21:309-345 (1998); Frisen et al., 
EMBO J. 18:5159-5165 (1999)). Eph receptors have also 
been implicated in a variety of pathological processes, 
including tumor progression, pathological forms of angio 
genesis, chronic pain folloWing tissue damage, inhibition of 
nerve regeneration after spinal cord injury, and human 
congenital malformations. (Koolpe et al., J Biol. Chem. 
280:17301-17311 (2005)). Eph receptors are also reported to 
play a role in the balance of stem cell self-reneWal versus 
cell-fate determination and differentiation. Id. 
[0007] Eph receptor and ephrin over-expression can result 
in tumorigenesis, and are associated With angiogenesis and 
metastasis in many types of human cancer, including lung, 
breast and prostate cancer, as Well as melanoma and leuke 
mia. (SuraWska et al., Cytokine & GroWth Factor RevieWs 
15:419-433 (2004)). Over-expression of the Eph receptor is 
thought not to affect the proliferation of cells, but changes 
their invasive behavior. According to one theory, in malig 
nant cells With high levels of EphA2, the receptors are 
mislocaliZed, not able to bind their ephrin ligands, and 
therefore not phosphorylated, resulting in increased extra 
cellular matrix adhesions and higher metastatic potential. 
(Ruoslahti, Adv. Cancer Res. 76: 1 -20 (1999)). Angiogenesis 
is the formation of neW blood vessels and capillaries from 
pre-existing vasculature and is an essential process for tumor 
survival and groWth. Evidence exists that implicates Eph 
receptor/ephrin up-regulation during blood vessel invasion 
of tumors. (SuraWska et al., (2004).) A-type ephrins in 
particular are associated With tumor angiogenesis, and 
EphA2-Fc and EphA3-Fc fusion proteins decreased tumor 
vascular density, tumor volume and cell proliferation, and 
also increased apoptosis. (Brantley et al., Oncogene 
21:7011-7026 (2002)). 
[0008] The crystal structure of the EphB2 receptor-eph 
rinB2 complex indicates that the ectodomain of the eph 
rinB2 folding topology is an eight-stranded barrel that is a 
variation on the common Greek key [3-barrel fold, and shares 
considerable homology With the cupredoxin family of cop 
per-binding proteins, although ephrinB2 does not bind cop 
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per. The main difference between ephrin and the cupredoxin 
fold proteins is the unusual length of the ephrin G-HL and 
C-DL loops With are part of the dimeriZation and tetramer 
iZation ligand receptor interfaces, respectively. CrystalliZa 
tion studies further indicate that the G-HL loop is involved 
in receptor binding. (Himanen et al., Nature 414:933-938 
(2001)). The extracellular domain of mouse ephrinB2 also 
has a topological similarity to plant nodulins and phytocya 
nins. (Toth et al., Developmental Cell, 1:83-92 (2001)). 
[0009] Reports on regression of cancer in humans and 
animals infected With microbial pathogens date back more 
than 100 years, originating With the initial report by Coley. 
(Clin. Orthop. Relat. Res. 262:3-12 (1891)). Several subse 
quent reports have shoWn that microbial pathogens replicate 
at tumor sites under hypoxic conditions and also stimulate 
the host’s immune system during infection, leading to an 
inhibition of cancer progression. (Alexandrofet al., Lancet 
353: 1689-1694 (1999); Paglia & Guzman, Cancer Immunol. 
Immunother. 46:88-92 (1998); PaWelek et al., Cancer Res. 
57:4537-4544 (1997)). Bacterial pathogens such as 
Pseudomonas aeruginosa and many others produce a range 
of virulence factors that alloW the bacteria to escape host 
defense and cause disease. (Tang et al., Infect. Immun. 
64:37-43 (1996); Clark and Bavoil, Methods in EnZymol 
ogy, vol. 235, Bacterial Pathogenesis, Academic Press, Inc. 
San Diego Calif. (1994); Salyers and Whitt, Bacterial Patho 
genesis: A Molecular Approach, ASM Press, Washington 
DC. (1994)). Some virulence factors induce apoptosis in 
phagocytic cells such as macrophages to subvert host 
defense. (Monack et al., Proc. Natl. Acad. Sci. USA 
94:10385-10390 (1997); Zychlinsky and Sansonetti, J. Clin. 
Investig. 100:493-495 (1997)). 
[0010] TWo redox proteins elaborated by R aeruginosa, 
the cupredoxin aZurin and cytochrome c551 (Cyt c551), both 
enter 1774 cells and shoW signi?cant cytotoxic activity 
toWards the human cancer cells as compared to normal cells. 
(Zaborina et al., Microbiology 146: 2521-2530 (2000)). 
AZurin can also enter human melanoma UISO-Mel-2 or 
human breast cancer MCF-7 cells. (Yamada et al., PNAS 
99:14098-14103 (2002); Punj et al., Oncogene 23:2367 
2378 (2004); Yamada et al., Cell. Biol. 7:14181431 (2005)). 
In addition, aZurin from R aeruginosa preferentially enters 
I774 murine reticulum cell sarcoma cells, forms a complex 
With and stabiliZes the tumor suppressor protein p53, 
enhances the intracellular concentration of p53, and induces 
apoptosis. (Yamada et al., Infection and Immunity, 70:7054 
7062 (2002)). AZurin also caused a signi?cant increase of 
apoptosis in human osteosarcoma cells as compared to 
non-cancerous cells. (Ye et al., Ai Zheng 24:298-304 
(2003)). 
[0011] Cytochrome C551 (Cyt C551) from R aeruginosa 
enhances the level of tumor suppressor protein p16’”k4a and 
inhibits cell cycle progression in 1774 cells. (Hiraoka et al., 
PNAS 101:6427-6432 (2004)). HoWever, When colon cancer 
cells, such as HCT 116 cells, or p53-null lung cancer H1299 
cells Were groWn in presence of Wild type aZurin or Wild type 
cytochrome c551 for 3 days, they inhibited the groWth of 
HCT 116 cells at a much loWer concentration (IC50:17 
ug/ml for aZurin; 12 ug/ml for Cyt C) than H1299 cells (>20 
ug/ml). Id. 
[0012] A cancer is a malignant tumor of potentially unlim 
ited groWth. It is primarily the pathogenic replication (a loss 
of normal regulatory control) of various types of cells found 
in the human body. Initial treatment of the disease is often 
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surgery, radiation treatment or the combination of these 
treatments, but locally recurrent and metastatic disease is 
frequent. Chemotherapeutic treatments for some cancers are 
available but these seldom induce long term regression. 
Hence, they are often not curative. Commonly, tumors and 
their metastases become refractory to chemotherapy, in an 
event knoWn as the development of multidrug resistance. In 
many cases, tumors are inherently resistant to some classes 
of chemotherapeutic agents. In addition, such treatments 
threaten noncancerous cells, are stressful to the human body, 
and produce many side effects. Improved agents are there 
fore needed to prevent the spread of cancer cells. 

SUMMARY OF THE INVENTION 

[0013] The present invention relates to compositions and 
methods of use of cupredoxins, and variants, derivatives and 
structural equivalents of cupredoxins that interfere With the 
ephrin signaling system in mammalian cells. Speci?cally, 
the invention relates to compositions and methods that use 
cupredoxins, such as aZurin and plastocyanin, and variants, 
derivatives and structural equivalents thereof, to treat cancer 
in mammals. 
[0014] One aspect of the invention relates to an isolated 
peptide that is a variant, derivative or structural equivalent 
of a cupredoxin, and that can inhibit the groWth of cancer in 
mammalian cells or tissues. This peptide may be an aZurin, 
plastocyanin, pseudoaZurin, plastocyanin, rusticyanin or 
auracyanin, and speci?cally an aZurin, plastocyanin and 
rusticyanin. In some embodiments, the cupredoxin is from 
Pseudomonas aeruginosa, T hiobacillus ferrooxidans, Phor 
midium laminosum, Alcaligenes faecalis, Achromobacler 
xylosoxidan, Bordelella bronchiseplica, Melhylomonas sp., 
Neisseria meningilidis, Neisseria gonorrhoeae, Pseudomo 
nas ?uorescens, Pseudomonas chlororaphis, Xylella fastid 
iosa, Cucumis salivus, Chloro?exus auranliacus, [?brio 
parahaemolylicus or Ulva pertusa, and speci?cally 
Pseudomonas aeruginosa, T hiobacillus ferrooxidans, Phor 
midium laminosum 0r Ulva pertusa. The isolated peptide 
may be part SEQ ID NOS: 1-17 and 22-23. Additionally, 
SEQ ID NOS: 1-17 and 22-23 may have at least about 90% 
amino acid sequence identity to the peptide. 
[0015] In some embodiments, the isolated peptide may be 
a truncation of a cupredoxin. In speci?c embodiments, the 
peptide is more than about 10 residues and not more than 
about 100 residues. The peptide may comprise or, altema 
tively, consist of R aeruginosa aZurin residues 96-113, R 
aeruginosa aZurin residues 88-113, Ulva pertusa plastocya 
nin residues 70-84, Ulva pertusa residues 57-98, or SEQ ID 
NOS: 22-30. In some embodiments, the isolated peptide 
comprises equivalent residues of a subject cupredoxin as a 
region of an object cupredoxin selected from the group 
consisting of R aeruginosa aZurin residues 96-113, R 
aeruginosa aZurin residues 88-113, Ulva pertusa plastocya 
nin residues 70-84, Ulva pertusa residues 57-98, or SEQ ID 
NOS: 22-30. 
[0016] Another aspect of the invention is a composition 
comprising at least one cupredoxin, or variant, derivative or 
structural equivalent of a cupredoxin that can inhibit the 
groWth of cancer in mammalian cells or tissues in a phar 
maceutical composition. In some embodiments, the phar 
maceutical composition is formulated for intravenous 
administration. The cupredoxin may be from Pseudomonas 
aeruginosa, Thiobacillus ferrooxidans, Phormidium lami 
nosum, Alcaligenes faecalis, Achromobacler xylosoxidan, 
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Bordelella bronchiseplica, Melhylomonas sp., Neisseria 
meningilidis, Neisseria gonorrhoeae, Pseudomonas ?uore 
scens, Pseudomonas chlororaphis, Xylellafaslidiosa, Cucu 
mis salivus, Chloro?exus auranliacus, Vibrio para 
haemolylicus or Ulva perlusa, and speci?cally 
Pseudomonas aeruginosa, Thiobacillusferrooxidans, Phor 
midium laminosum and Ulva perlusa. In some embodi 
ments, the cupredoxin may be SEQ ID NOS: 1-17 and 
22-23. 
[0017] Another aspect of the invention is a method to treat 
a mammalian patient suffering a pathological condition 
related to the ephrin signaling system or suffering from 
cancer, comprising administering to the patient a therapeu 
tically effective amount of a composition comprising at least 
one cupredoxin, or variant, derivative or structural equiva 
lent of a cupredoxin in a pharmaceutical composition. In 
some embodiments, the patient is suffering from interstitial 
cystitis (IC), lesions associated With in?ammatory boWel 
disease (IBD), HIV infection, cardiovascular disease, central 
nervous system disorders, peripheral vascular diseases, viral 
diseases, degeneration of the central nervous system (Chris 
topher Reeve’s disease) or AlZheimer’s disease. In other 
embodiments, the patient is suffering from a cancer, such as 
breast cancer, liver cancer, gastrointestinal cancer, neuro 
blastoma, neural cancer, leukemia, lymphoma, prostrate 
cancer, pancreatic cancer, lung cancer, melanoma, ovarian 
cancer, endometrial tumor, choriocarcinoma, teratocarci 
noma, thyroid cancer, all sarcomas including those arising 
from soft tissues and bone, renal carcinomas, epidermoid 
cancer or non-small cell lung cancer. In some embodiments, 
the patient is a human. 
[0018] Another aspect of the invention is a composition 
comprising at least tWo isolated polypeptides that are a 
cupredoxin, or a variant, derivative or structural equivalent 
of a cupredoxin can inhibit the groWth of cancer in mam 
malian cells or tissues. In some embodiments, the compo 
sition is in a pharmaceutical composition. 
[0019] Another aspect of the invention is a kit comprising 
a composition With at least one cupredoxin, or variant, 
derivative or structural equivalent of a cupredoxin in a 
pharmaceutical composition in a vial. The kit may be 
designed for intravenous administration. 
[0020] Another aspect of the invention is a method, com 
prising contacting the mammalian cancer cells With a cupre 
doxin, or variant, derivative or structural equivalent thereof; 
and measuring the groWth of the cancer cells. The cancer 
cells may be breast cancer, liver cancer, gastrointestinal 
cancer, neuroblastoma, neural cancer, leukemia, lymphoma, 
prostrate cancer, pancreatic cancer, lung cancer, melanoma, 
ovarian cancer, endometrial tumor, choriocarcinoma, tera 
tocarcinoma, thyroid cancer, all sarcomas including those 
arising from soft tissues and bone, renal carcinomas, epi 
dermoid cancer or non-small cell lung cancer. In some 

embodiments, the cancer cells are in vivo. 
[0021] Another aspect of the invention is an expression 
vector Which encodes a variant, derivative or structural 
equivalent of a cupredoxin Which can inhibit the groWth of 
cancer in mammalian cells or tissues. 

[0022] Another aspect of the invention is an isolated 
peptide that is a variant, derivative or structural equivalent 
of a cupredoxin; and that can bind an ephrin receptor, such 
as EphA 1, EphA2, EphA3, EphA4, EphA5, EphA6, EphA7, 
EphA8, EphA l0, EphBl, EphB2, EphB3, EphB4 and 
EphB6. In some embodiments, the peptide also binds an 
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ephrin, such as ephrinAl, ephrinA2, ephrinA3, ephrinA4, 
ephrinA5, ephrinBl, ephrinB2, ephrinB3 and ephrinB4. In 
other embodiments, the isolated peptide binds an ephrin and 
its receptor, and speci?cally Ephrin2B and Eph2B. In a 
related aspect, an isolated peptide is a variant, derivative or 
structural equivalent of a cupredoxin; and that can bind an 
ephrin, such as ephrinAl, ephrinA2, ephrinA3, ephrinA4, 
ephrinA5, ephrinBl, ephrinB2, ephrinB3 and ephrinB4. 
[0023] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to a mammalian patient to guide the groWth of blood vessels 
in the patient. 
[0024] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to a mammalian patient to decrease the groWth of blood 
vessels in the patient. 
[0025] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to a mammalian patient to guide to groWth of neurons in the 
patient. 
[0026] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to a mammalian patient to promote osteogenesis in the 
patient. 
[0027] Another aspect of the invention is a method com 
prising substituting an effective amount of a pharmaceutical 
composition containing at least one cupredoxin, or peptide 
of the invention to a mammalian patient for an ephrin in a 
therapeutic method requiring the use of the ephrin. 
[0028] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to a mammalian cell to inhibit the activity of an ephrin 
receptor associated With the cell. 
[0029] Another aspect of the invention is a method com 
prising administering a pharmaceutical composition con 
taining at least one cupredoxin, or peptide of the invention 
to increase the activity of an ephrin receptor associated With 
the cell. 
[0030] Another aspect of the invention is a method com 
prising administering to a human patient having a tissue 
expressing an ephrin receptor, a pharmaceutical composition 
containing at least one cupredoxin, or peptide of the inven 
tion Which comprises a derivative of cupredoxin, or a 
variant, derivative or structural equivalent fused to a phar 
maceutical agent. In some embodiments, the tissues express 
ing an ephrin receptor is cancer. 
[0031] Another aspect of the invention is a method to 
detect tissues With ephrin receptors Which has the steps of 
administering to a human patient a pharmaceutical compo 
sition containing at least one cupredoxin, or peptide of the 
invention fused to a detectable probe and detecting the 
distribution of the probe Within the patient. 
[0032] These and other aspects, advantages, and features 
of the invention Will become apparent from the folloWing 
?gures and detailed description of the speci?c embodiments. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0033] SEQ ID NO: 1. Amino acid sequence of aZurin 
from Pseudomonas aeruginosa. 
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[0034] SEQ ID NO: 2. Amino acid sequence of plasto 
cyanin from Phormidium laminosum. 
[0035] SEQ ID NO: 3. Amino acid sequence of rusticya 
nin from Thiobacillus ferrooxidans. 
[0036] SEQ ID NO: 4. Amino acid sequence of pseudoa 
Zurin from Achromobacler cycloclasles. 
[0037] SEQ ID NO: 5. Amino acid sequence of aZurin 
from Alcaligenes faecalis. 
[0038] SEQ ID NO: 6. Amino acid sequence of aZurin 
from Achromobacler xylosoxidans ssp. denitri?cans I. 
[0039] SEQ ID NO: 7. Amino acid sequence of aZurin 
from Bordelella bronchiseplica. 
[0040] SEQ ID NO: 8. Amino acid sequence of aZurin 
from Melhylomonas sp. J. 
[0041] SEQ ID NO: 9. Amino acid sequence of aZurin 
from Neisseria meningilidis Z2491. 
[0042] SEQ ID NO: 10. Amino acid sequence of aZurin 
from Neisseria gonorrhoeae. 
[0043] SEQ ID NO: 11. Amino acid sequence of aZurin 
from Pseudomonas ?uorescens. 
[0044] SEQ ID NO: 12. Amino acid sequence of aZurin 
from Pseudomonas chlororaphis. 
[0045] SEQ ID NO: 13. Amino acid sequence of aZurin 
from Xylella faslidiosa 9a5c. 
[0046] SEQ ID NO: 14. Amino acid sequence of stella 
cyanin from Cucumis salivus. 
[0047] SEQ ID NO: 15. Amino acid sequence of auracya 
nin A from Chloro?exus auranliacus. 
[0048] SEQ ID NO: 16. Amino acid sequence of auracya 
nin B from Chloro?exus auranliacus. 
[0049] SEQ ID NO: 17. Amino acid sequence of cucum 
ber basic protein from Cucumis salivus. 
[0050] SEQ ID NO: 18. Amino acid sequence of 18-mer 
aZurin peptide, Pseudomonas aeruginosa aZurin from resi 
dues 96-113. 
[0051] SEQ ID NO: 19. Amino acid sequence of 
Pseudomonas aeruginosa aZurin from residues 88-113. 
[0052] SEQ ID NO: 20. Amino acid sequence of Ulva 
perlusa plastocyanin from residues 70-84. 
[0053] SEQ ID NO: 21. Amino acid sequence of Wbrio 
parahaemolylicus aZurin. 
[0054] SEQ ID NO: 22. Amino acid sequence of Ulva 
perlusa plastocyanin. 
[0055] SEQ ID NO: 23. Amino acid sequence of EphrinB2 
ectodomain from human. 
[0056] SEQ ID NO: 24. Amino acid sequence of G-H loop 
region of human EphrinB2. 
[0057] SEQ ID NO: 25. Amino acid sequence of the R 
aeruginosa aZurin region structurally analogous to the Eph 
rinB2 G-H loop region. 
[0058] SEQ ID NO: 26. Amino acid sequence of the 
Thiobacillus (Acidilhiobacillus) ferrooxidans rusticyanin 
region structurally analogous to the EphrinB2 G-H loop 
region. 
[0059] SEQ ID NO: 27. Amino acid sequence of the 
Chloro?exus auranliacus auracyanin B region structurally 
analogous to the EphrinB2 G-H loop region. 
[0060] SEQ ID NO: 28. Amino acid sequence ofthe Ulva 
perlusa plastocyanin region structurally analogous to the 
EphrinB2 G-H loop region. 
[0061] SEQ ID NO: 29. Amino acid sequence of the 
Cucumis salivus cucumber basic protein region structurally 
analogous to the EphrinB2 G-H loop region. 
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[0062] SEQ ID NO: 30. Amino acid sequence of the 
Cucumis salivus stellacyanin region structurally analogous 
to the EphrinB2 G-H loop region. 
[0063] SEQ ID NO: 31. Amino acid sequence of human 
EphrinB2 residues 69-138. 
[0064] SEQ ID NO: 32. Amino acid sequence of Ulva 
perlusa plastocyanin residues 57-98. 
[0065] SEQ ID NO: 33. Amino acid sequence of human 
EphrinB2 residues 68-138. 
[0066] SEQ ID NO: 34. Amino acid sequence ofR aerugi 
nosa aZurin residues 76-128. 

BRIEF DESCRIPTION OF THE FIGURES 

[0067] FIG. 1. FIG. 1 depicts a structural alignment of 
aZurin With ephrinB2. The G-H loop of ephrin B-2 (region 
that mediates high-af?nity interaction With the EphB recep 
tors) is indicated by boxes. 1JZG_A is the amino acid 
sequence of aZurin from Pseudomonas aeruginosa (SEQ ID 
NO: 1). 1KGY_E is the amino acid sequence of ephrinB2 
ectodomain from human (SEQ ID NO: 23). 
[0068] FIG. 2. FIG. 2 depicts a structural alignment of 
cupredoxins With ephrinB2. The box indicates the G-H loop 
of ephrinB2 (15 aa), involved in Eph receptor binding. 
Conserved residues are indicated in bold and underlined. 
Capital letters are super-positions. Dashes are Where there 
are no alignments. The EphrinB2 G-H loop region is SEQ ID 
NO: 24. The R aeruginosa aZurin region structurally analo 
gous to the EphrinB2 G-H loop region is SEQ ID NO: 25. 
The Thiobacillus (Acidilhiobacillus) ?zrrooxidans rusticya 
nin region structurally analogous to the EphrinB2 G-H loop 
region is SEQ ID NO: 26. The Chloro?exus auranliacus 
auracyanin region structurally analogous to the EphrinB2 
G-H loop region is SEQ ID NO: 27. The Phormidium 
laminosum plastocyanin region structurally analogous to the 
EphrinB2 G-H loop region is SEQ ID NO: 28. The Cucumis 
salivus cucumber basic protein region structurally analogous 
to the EphrinB2 G-H loop region is SEQ ID NO: 29. The 
Cucumis salivus stellacyanin region structurally analogous 
to the EphrinB2 G-H loop region is SEQ ID NO: 30. 
[0069] FIG. 3. FIG. 3 depicts a comparison among the 
structures of the ephrinB2 ectodomain from human (1kgy_ 
E), plastocyanin from Ulva perlusa (1 iuZ), aZurin from 
Pseudomonas aeruginosa (1jZg_A) and rusticyanin from 
Thiobacillus (Acidilhi0bacillus)ferr00xidans (1rcy). In FIG. 
3A, the topology of each protein is shoWn using TOPS 
cartoons. TOPS cartoons represent the structure as a 

sequence of secondary structure elements (SSEs): [3-strands 
(depicted as triangles) and helices (alpha and 310) (depicted 
as circles), hoW they are connected in a sequence from 
amino to carboxyl terminus, and their relative spatial posi 
tions and orientations. The direction of the elements can be 
deduced from the connecting lines. “Up” strands are indi 
cated by upWard pointing triangles and “DoWn” strands by 
doWnWard pointing triangles. FIG. 3B, the pictures Were 
draWn using the MolMol program (Koradi et al., J. Mol. 
Graphics. 14:51-55 (1996)). 
[0070] FIG. 4. FIG. 4 depicts a surface plasmon resonance 
sensorgrams for the association of cupredoxins With bound 
Eph-Fc. Selective binding of aZurin (FIG. 4A), plastocyanin 
(FIG. 4B), and rusticyanin (FIG. 4C) With EphA-Fc and 
EphB-Fc proteins is represented. 
[0071] FIG. 5. FIG. 5 depicts a schematic representation 
of various truncated aZurin constructs derived from full 
length aZurin (SEQ ID NO: 1). Secondary structure elements 
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are illustrated as arrows for [3-sheets and helices (alpha and 
310) as rectangles. Various segments of the gene encoding 
the 128 amino acid aZurin Were fused at the 3'-end of the gst 
gene (encoding glutathione S-transferase) in frame, cloned 
in E. coli, hyperexpressed and the fusion proteins puri?ed as 
described earlier (Yamada et al., Cell Micro. 7:1418-1431 
(2005)). 
[0072] FIG. 6. FIG. 6 depicts the relative binding af?nities 
of aZurin and selectively constructed GST-AZu fusions for 
EphB2-Fc determined in surface plasmon resonance studies. 
In FIG. 6A, an initial screening experiment Was performed 
to determine relative binding strengths of aZurin or GST-AZu 
Wherein the SPR traces Were recorded after injection of the 
cupredoxins (100 nM) onto EphB2-Fc-modi?ed CM5 sen 
sor chips. Notably, aZurin, GST-AZu 88-113, and GST-AZu 
36-128 bind stronger than the native ligand (ephrinB2-Fc) to 
EphB2-Fc. In FIG. 6B, binding af?nity curves for the 
interactions of aZurin, GST-AZu 88-113, ephrinB2-Fc, and 
GST-AZu 36-89 to immobiliZed EphB2-Fc after titrating 
increasing concentrations (0.05-100 nM) of the cupredoxins. 
Equilibrium resonance signals (Req) Were extrapolated from 
the individual sensorgrams to construct the curves. Binding 
dissociation constants (Kd) Were calculated (Table 6) after 
?tting the data to a Langmuir (1:1) binding model using the 
equation Req:Rmax/(1+Kd/C) and the curve ?ts are shoWn 
connecting the data points in the titration curves. The 
quantitative data sets agree With those from the initial 
binding screen. 

[0073] FIG. 7. FIG. 7 depicts the binding interactions of 
aZurin and GST-AZu With ephrinB2-13c and EphB2-Fc deter 
mined in binding titrations and competition assays. In FIG. 
7A, SPR binding curves for the interactions of aZurin and 
GST-AZu With ephrinB2-13c for Which binding af?nities 
(Kd) Were determined as previously described. In FIG. 7B, 
SPR binding competition studies With EphB2-Fc immobi 
liZed on CM5 sensor chips. 

[0074] FIG. 8. FIG. 8 depicts the structural alignment 
comprising the C-ter'minals of plastocyanin from Ulva per 
Zusa (1IUZ) and aZurin from R aeruginosa (1JZG_A), (FIG. 
8A and FIG. 8B respectively) With human ephrinB2 
ectodomain (1KGY_E) as computed by the VAST algo 
rithm. Superimposed secondary structure elements are 
denoted by a bold capital letter. Dashes and loWer-case 
lettering are Where there are no alignments. Secondary 
structure elements according to the structures are illustrated 
as arroWs for [3-sheets and open rectangles for 310 helices. 
Identical amino acids are indicated by an asterisk. Amino 
acids highlighted in dark gray and light gray in the ephrin B2 
sequence indicate residues involved in the interaction 
betWeen ephrinB2 and EphB2 receptor and in the ligand 
dimeriZation respectively (Himanen et al., Nature 414:933 
938 (2001); Toth et al., Dev. Cell. 1:83-92 (2001)). The 
plastocyanin and aZurin peptides (called Plc 70-84 (SEQ ID 
NO: 20) and AZu 96-113 (SEQ ID NO: 18), respectively), 
corresponding to the G-H loop region of ephrinB2, Which is 
the main region mediating high af?nity binding of the 
ephrins to the Eph receptors are boxed and represented 
beloW each alignment. The G and H loop regions are marked 
With thick arroWs on top of the amino acid sequences of 
ephrinB2. 1KGY_E residues 69-138 and 68-138 are found 
in SEQ ID NOS: 31 and 33, respectively. 1IUZ residues 
57-98 is found in SEQ ID NO: 32. 1JZG_A residues 76-128 
is found in SEQ ID NO: 34. 
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[0075] FIG. 9. FIG. 9 depicts the e?cects of cupredoxin 
peptides on cancer cell viability. (In FIG. 9A, e?fect of aZurin 
(AZu 96-113) and plastocyanin (Plc 70-84) synthetic pep 
tides on cell viability of Astrocytoma CCF-STTGl and 
Glioblastoma LN-229 cancer cell lines. In FIG. 9B, e?fect of 
different concentrations of plastocyanin (Plc 70-84) syn 
thetic peptide on Melanoma UISO-Mel-2 cell viability. Cell 
viability Was determined by MTT assay as described in 
Example 10. Cancer cells (2><104 cells per Well in 96-Well 
plates) Were treated With the synthetic peptides at different 
concentrations for 24 h at 370 C. Data are presented as the 
percentage of cell viability as compared to that of untreated 
control (100% viability) In FIG. 9C, cytotoxic activity of 
AZu 96-113 synthetic peptide toWards Glioblastoma LN-229 
cells. Cytotoxicity e?cects Were determined by MTT assay. 
Cancer (2><104 cells per Well in 96-Well plates) Were treated 
With various concentrations of AZu 96-113 (10, 25, 50, 75, 
100 nM) for 24 h at 370 C. Percent cytotoxicity is expressed 
as percentage of cell death as compared to that of untreated 
control (0% cytotoxicity). 
[0076] FIG. 10. Effect of GST-AZu 36-128 and GST-AZu 
88-113 on cell viability of MCF-7 cells. GST-AZu peptides 
Were added at increasing concentrations (1.25, 6.25 and 12.5 
uM) into 96 Well plates containing 8><103 cancer cells per 
Well, incubated at 370 C. for 48 h and subsequently analyZed 
using MTT assay. GST and GST-AZu 36-89 at the same 
concentrations and untreated cells Were run in parallel With 
GST-AZu 36-128 and GST-AZu 88-113 as controls. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0077] As used herein, the term “cell” includes both the 
singular or the plural of the term, unless speci?cally 
described as a “single cell.” 

[0078] As used herein, the terms “polypeptide, peptide,” 
and “protein” are used interchangeably to refer to a polymer 
of amino acid residues. The terms apply to amino acid 
polymers in Which one or more amino acid residue is an 
arti?cial chemical analogue of a corresponding naturally 
occurring amino acid. The terms also apply to naturally 
occurring amino acid polymers. The terms “polypeptide,” 
“peptide,” and “protein” are also inclusive of modi?cations 
including, but not limited to, glycosylation, lipid attachment, 
sulfation, gamma-carboxylation of glutamic acid residues, 
hydroxylation and ADP-ribosylation. It Will be appreciated 
that polypeptides are not alWays entirely linear. For instance, 
polypeptides may be branched as a result of ubiquitination 
and they may be circular (With or Without branching), 
generally as a result of post-translation events, including 
natural processing event and events brought about by human 
manipulation Which do not occur naturally. Circular, 
branched and branched circular polypeptides may be syn 
thesiZed by non-translation natural process and by entirely 
synthetic methods as Well. Further, this invention contem 
plates the use of both the methionine-containing and the 
methionine-less amino terminal variants of the protein of the 
invention. 
[0079] As used herein, the term “pathological condition” 
includes anatomic and physiological deviations from the 
normal that constitute an impairment of the normal state of 
the living animal or one of its parts, that interrupts or 
modi?es the performance of the bodily functions, and is a 
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response to various factors (as malnutrition, industrial haZ 
ards, or climate), to speci?c infective agents (as Worms, 
parasitic protozoa, bacteria, or viruses), to inherent defects 
of the organism (as genetic anomalies), or to combinations 
of these factors. 
[0080] As used herein, the term “condition” includes 
anatomic and physiological deviations from the normal that 
constitute an impairment of the normal state of the living 
animal or one of its parts, that interrupts or modi?es the 
performance of the bodily functions. 
[0081] As used herein, the term “inhibit cell groWt ” 
means the sloWing or ceasing of cell division and/or cell 
expansion. This term also includes the inhibition of cell 
development or increases cell death. 
[0082] As used herein, the term “suffering from” includes 
presently exhibiting the symptoms of a pathological condi 
tion, having a pathological condition even Without observ 
able symptoms, in recovery from a pathological condition, 
and recovered from a pathological condition. 
[0083] A used herein, the term “treatment” includes pre 
venting, loWering, stopping, or reversing the progression or 
severity of the condition or symptoms associated With a 
condition being treated. As such, the term “treatment” 
includes medical, therapeutic, and/or prophylactic adminis 
tration, as appropriate. 
[0084] A “therapeutically effective amount” is an amount 
effective to prevent or sloW the development of, or to 
partially or totally alleviate the existing symptoms in a 
particular condition for Which the subject being treated. 
Determination of a therapeutically effective amount is Well 
Within the capability of those skilled in the art. 
[0085] As used herein, the term “de?cient in expression of 
the p53 tumor suppressor gene” refers to a cell having a p53 
tumor suppressor gene that is inactivated, mutated, lost or 
under produced. For example, such a de?ciency may occur 
as a result of genetic aberrations Within the p53 gene or due 
to epigenic reasons such as hypermethylation of C residues 
in the CG islands upstream of the tumor suppressor genes or 
interaction With viral and cellular oncogenes. 
[0086] The term “substantially pure”, When used to 
modify the term “cupredoxin”, as used herein, refers to a 
cupredoxin, for example, a cupredoxin isolated from the 
groWth medium or cellular contents, in a form substantially 
free of, or unadulterated by, other proteins and/or active 
inhibitory compounds. The term “substantially pure” refers 
to a factor in an amount of at least about 75%, by dry Weight, 
of isolated fraction, or at least “75% substantially pure.” 
More speci?cally, the term “substantially pure” refers to a 
compound of at least about 85%, by dry Weight, active 
compound, or at least “85% substantially pure.” Most spe 
ci?cally, the term “substantially pure” refers to a compound 
of at least about 95%, by dry Weight, active compound, or 
at least “95% substantially pure.” The substantially pure 
cupredoxin can be used in combination With one or more 
other substantially pure compounds or isolated cupredoxins. 
[0087] The phrases “isolated,” “puri?ed” or “biologically 
pure” refer to material Which is substantially or essentially 
free from components Which normally accompany the mate 
rial as it is found in its native state. Thus, isolated peptides 
in accordance With the invention preferably do not contain 
materials normally associated With the peptides in their in 
situ environment. An “isolated” region refers to a region that 
does not include the Whole sequence of the polypeptide from 
Which the region Was derived. An “isolated” nucleic acid, 
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protein, or respective fragment thereof has been substan 
tially removed from its in vivo environment so that it may 
be manipulated by the skilled artisan, such as but not limited 
to nucleotide sequencing, restriction digestion, site-directed 
mutagenesis, and subcloning into expression vectors for a 
nucleic acid fragment as Well as obtaining the protein or 
protein fragment in substantially pure quantities. 
[0088] The term “variant” as used herein With respect to a 
peptide, refers to amino acid sequence variants Which may 
have amino acids replaced, deleted, or inserted as compared 
to the Wild-type polypeptide. Variants may be truncations of 
the Wild-type peptide. Thus, a variant peptide may be made 
by manipulation of genes encoding the polypeptide. A 
variant may be made by altering the basic composition or 
characteristics of the polypeptide, but not at least some of its 
fundamental activities. For example, a “variant” of aZurin 
can be a mutated aZurin that retains its ability to inhibit the 
groWth of mammalian cancer cells. In some cases, a variant 
peptide is synthesiZed With non-natural amino acids, such as 
e-(3,5-dinitrobenZoyl)-Lys residues. (Ghadiri & FemholZ, J. 
Am. Chem. Soc., 112:9633-9635 (1990)). In some embodi 
ments, the variant has not more than 20, l9, l8, 17 or 16 
amino acids replaced, deleted or inserted compared to Wild 
type peptide. In some embodiments, the variant has not more 
than l5, l4, l3, 12 or 11 amino acids replaced, deleted or 
inserted compared to Wild-type peptide. In some embodi 
ments, the variant has not more than 10, 9, 8 or 7 amino 
acids replaced, deleted or inserted compared to Wild-type 
peptide. In some embodiments, the variant has not more than 
6 amino acids replaced, deleted or inserted compared to 
Wild-type peptide. In some embodiments, the variant has not 
more than 5 or 4 amino acids replaced, deleted or inserted 
compared to Wild-type peptide. In some embodiments, the 
variant has not more than 3, 2 or I amino acids replaced, 
deleted or inserted compared to Wild-type peptide. 
[0089] The term “amino acid,” as used herein, means an 
amino acid moiety that comprises any naturally-occurring or 
non-naturally occurring or synthetic amino acid residue, i.e., 
any moiety comprising at least one carboxyl and at least one 
amino residue directly linked by one, tWo, three or more 
carbon atoms, typically one (a) carbon atom. 
[0090] The term “derivative” as used herein With respect 
to a peptide refers to a peptide that is derived from the 
subject peptide. A derivation includes chemical modi?ca 
tions of the peptide such that the peptide still retains some 
of its fundamental activities. For example, a “derivative” of 
aZurin can be a chemically modi?ed aZurin that retains its 
ability to inhibit the groWth of mammalian cancer cells. 
Chemical modi?cations of interest include, but are not 
limited to, amidation, acetylation, sulfation, polyethylene 
glycol (PEG) modi?cation, phosphorylation or glycosyla 
tion of the peptide. In addition, a derivative peptide maybe 
a fusion of a polypeptide or fragment thereof to a chemical 
compound, such as but not limited to, another peptide, drug 
molecule or other therapeutic or pharmaceutical agent or a 
detectable probe. 
[0091] The term “percent (%) amino acid sequence iden 
tity” is de?ned as the percentage of amino acid residues in 
a polypeptide that are identical With amino acid residues in 
a candidate sequence When the tWo sequences are aligned. 
To determine % amino acid identity, sequences are aligned 
and if necessary, gaps are introduced to achieve the maxi 
mum % sequence identity; conservative substitutions are not 
considered as part of the sequence identity. Amino acid 
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sequence alignment procedures to determine percent iden 
tity are Well known to those of skill in the art. Often publicly 
available computer softWare such as BLAST, BLAST2, 
ALIGN2 or Megalign (DNASTAR) softWare is used to align 
peptide sequences. In a speci?c embodiment, Blastp (avail 
able from the National Center for Biotechnology Inforrna 
tion, Bethesda Md.) is used using the default parameters of 
long complexity ?lter, expect 10, Word siZe 3, existence 11 
and extension 1. 
[0092] When amino acid sequences are aligned, the % 
amino acid sequence identity of a given amino acid 
sequence Ato, With, or against a given amino acid sequence 
B (Which can alternatively be phrased as a given amino acid 
sequence A that has or comprises a certain % amino acid 
sequence identity to, With, or against a given amino acid 
sequence B) can be calculated as: 

% amino acid sequence identity:X/Y*100 

[0093] Where 
[0094] X is the number of amino acid residues scored as 
identical matches by the sequence alignment program’s or 
algorithm’s alignment of A and B and 
[0095] Y is the total number of amino acid residues in B. 
[0096] If the length of amino acid sequence A is not equal 
to the length of amino acid sequence B, the % amino acid 
sequence identity of A to B Will not equal the % amino acid 
sequence identity of B to A. When comparing longer 
sequences to shorter sequences, the shorter sequence Will be 
the “B” sequence. For example, When comparing truncated 
peptides to the corresponding Wild-type polypeptide, the 
truncated peptide Will be the “B” sequence. 

General 

[0097] Some aspects of the present invention provides 
compositions and methods that use cupredoxins that have 
structural similarity to ephrin to interfere With the ephrin 
signaling system in various mammalian cells and tissues, 
and also inhibit the groWth of mammalian cancer cells. 
Speci?cally, the present invention provides for compositions 
and methods that use cupredoxins and variants, derivatives 
and structural equivalents thereof, to interfere With the 
ephrin signaling system, and also inhibit the groWth of 
mammalian cancer cells in vitro and in vivo. 
[0098] The inventors previously discovered that patho 
genic microorganisms secrete ATP-independent cytotoxic 
factors, for example redox proteins such as aZurin from R 
aeruginosa, and that such factors cause 1774 cell death by 
apoptosis, particularly in cancer cells. It Was also knoWn that 
aZurin has a domain from about amino acid residues 50-77 
that facilitates the protein to enter preferentially into cancer 
cells to induce cytotoxicity. 
[0099] Surprisingly, the inventors have noW discovered 
that a C-terminal domain is found in aZurins and other 
cupredoxins that shoWs a structural similarity to the ephrins. 
See, Examples 2, 5 and 9. It is also noW knoWn that aZurin 
and plastocyanin, and particular regions of these peptides 
that are structurally homologous to the ephrin G-H loop, 
bind competitively to ephrin receptors in a 1:1 ratio. See, 
Examples 6-8. P. aeruginosa aZurin, in particular, binds to 
ephrin receptors EphB2 and EphA6. See, Example 6. Phor 
midium laminosum plastocyanin shoWs speci?city for bind 
ing ephrin receptors EphA1, A3 and B2, and to a lesser 
extent ephrin receptors EphA2 and A6. See, Example 6. 
Finally, rusticyanin shoWs Weak binding to ephrin receptors 
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EphA8 and B1. See, Example 6. It is also noW knoWn that 
aZurin region amino acid residues 88-113, Which contains 
the structural homology to the ephrin G-H loop region, binds 
to ephrin receptor EphB2. See, Example 7. Finally, it is noW 
knoWn that aZurin and the 88-113 region of aZurin bind to 
ephrinB2 as Well as the ephrin receptor EphB2, and can 
compete With ephrinB2 for its receptor, EphB2. See, 
Example 8. 
[0100] The inventors have also discovered that cupredox 
ins With regions that have a structural similarity to the ephrin 
G-H loop regions inhibit the groWth of mammalian cancer 
cells in vitro. In general, Phormidium laminosum plastocya 
nin, T hiobacillus ferrooxidans rusticyanin andR aeruginosa 
aZurin inhibit the groWth in vitro of Mel-2 human melanoma 
cells and MCF-7 human breast cancer cells in a trypan blue 
assay. See, Example 4. Further, the 88-113 residue region of 
aZurin is noW knoWn to inhibit cell groWth of MCF-7 breast 
cancer cells. See, Example 10. Finally, an 18-mer aZurin 
peptide and a 15-mer Ulva perlusa plastocyanin peptide that 
correspond to the region of structural similarity to the 
ephrinB2 G-H loop region are noW knoWn to inhibit the 
groWth of MCF-7 human breast cancer cells, CCF-STTGl 
brain tumor astrocytoma cells and LN-229 glioblastoma 
cells in vitro. See, Examples 3 and 9. 
[0101] Surprising, cupredoxins With structural similarity 
to the G-H loop of ephrinB2 also affect ephrin-related 
development in vivo. It is noW knoWn from in vivo studies 
of ephrin-related development in C. elegans, that the cupre 
doxin rusticyanin interferes With tail muscle formation While 
cupredoxin aZurin prevents embryonic development, both 
ephrin-related developmental processes. See, Example 1. 
[0102] It is noW appreciated that in addition to aZurin, the 
cupredoxins rusticyanin and plastocyanin also share a struc 
tural homology With the G and H regions of ephrinB2. See, 
Examples 2 and 5. Further, it is knoWn that the aZurin and 
the phytocyanins stellacyanin and cucumber basic protein 
also share a signi?cant structural homology With ephrins. 
Because of the structural conservation in the cupredoxin 
family of proteins in general, it is predicted that many other 
cupredoxins and cupredoxin-like proteins Will also display a 
signi?cant structural homology to ephrins. See, Example 2. 
It is therefore contemplated that cupredoxin family proteins 
in general can be used to treat the conditions related to 
ephrin-signaling, and cancer, using the compositions and 
methods of the invention. Speci?c cupredoxins of interest 
include, but are not limited to, aZurin, rusticyanin, plasto 
cyanin, stellacyanin, auracyanin, pseudoaZurin and cucum 
ber basic protein. Exemplary protein sequences are found 
herein as plastocyanin (SEQ ID NOS: 2 and 22), rusticyanin 
(SEQ ID NO: 3), pseudoaZurin (SEQ ID NO: 4), stellacya 
nin (SEQ ID NO: 14), auracyanin (SEQ ID NOS: 15 and 
16), and cucumber basic protein (SEQ ID NO: 17). As used 
herein, the term “cupredoxin” refers to any member of the 
cupredoxin family of proteins, including cupredoxin-like 
proteins, such as LaZ from Neisseria. 

[0103] AZurins are particularly speci?c, and exemplary 
protein sequences for these cupredoxins are found herein, 
but not limited to, as those isolated from Pseudomonas 
aeruginosa (SEQ ID NO: 1); Alcaligenesfaecalis (SEQ ID 
NO: 5); Achromobacler xylosoxidans ssp. denitri?cans I 
(SEQ ID NO: 6); Bordelella bronchiseplica (SEQ ID NO: 
7); Melhylomonas sp. J (SEQ ID NO: 8); Neisseria menin 
gilidis (SEQ ID NO: 9); Neisseria gonnorrhoeae (SEQ ID 
NO: 10), Pseudomonas ?uorescens (SEQ ID NO: 11); 
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Pseudomonas chlororaphis (SEQ ID NO: 12); Xylella fas 
lidiosa 9a5c (SEQ ID NO: 13) and [?brio parahaemolylicus 
(SEQ ID NO: 21). In a most speci?c embodiment, the aZurin 
is from Pseudomonas aeruginosa. In other speci?c embodi 
ments, the cupredoxin is plastocyanin (SEQ ID NOS: 2 and 
22), rusticyanin (SEQ ID NO: 3), pseudoaZurin (SEQ ID 
NO: 4), stellacyanin (SEQ ID NO: 14), auracyanin (SEQ ID 
NOS: 15 and 16), and cucumber basic protein (SEQ ID NO: 
17). 
[0104] In some embodiments, the cupredoxins have a 
Greek key beta-barrel structure. The Greek key beta-barrel 
structure is a Well knoWn protein fold. See, for example, 
Zhang & Kim (Proteins 40:409-419 (2000)). The Greek Key 
topology Was named after a pattern that Was common on 
Greek pottery. It has three up-and-doWn beta strands con 
nected by hairpins, Which are followed by a longer connec 
tion to a fourth beta strand, Which lies adjacent to the ?rst 
beta strand. In a speci?c embodiment, the cupredoxins and 
variants, derivatives and structural equivalents of cupredox 
ins comprise at least one Greek Key beta-barrel structure. In 
another speci?c embodiment, the cupredoxins and variants, 
derivatives and structural equivalents of cupredoxins com 
prise a Greek Key structure of at least 4 beta strands. In 
another more speci?c embodiment, the cupredoxins and 
variants, derivatives and structural equivalents of cupredox 
ins comprise a Greek Key structure of at least eight beta 
strands. In another speci?c embodiment, the cupredoxin and 
variants, derivatives and structural equivalents of cupredox 
ins comprise more than one Greek Key beta-barrel structure. 

Compositions of the Invention 

[0105] The invention provides for peptides that are vari 
ants, derivatives or structural equivalents of cupredoxin. In 
some embodiments, the peptide is substantially pure. In 
other embodiments, the peptide is in a composition that 
comprises, consists of or consists essentially of the peptide. 
In other embodiments, the peptide is isolated. In some 
embodiments, the peptide is less that a full length cupre 
doxin, and retains some of the functional characteristics of 
the cupredoxin. In some embodiments, the peptide retains 
the ability to interfere With ephrin-signaling in mammalian 
cells and tissues, and/or inhibit the groWth of mammalian 
cancer cells. In another speci?c embodiment, the peptide 
does not raise an immune response in a mammal, and more 
speci?cally a human. 
[0106] The invention also provides compositions compris 
ing at least one, at least tWo or at least three cupredoxin(s), 
or variant(s), derivative(s) or structural equivalent(s) of a 
cupredoxin. The invention also provides compositions com 
prising at least one, at least tWo, or at least three cupredoxin 
(s) or variant(s), derivative(s) or structural equivalent(s) of 
cupredoxin(s) in a pharmaceutical composition. 
[0107] Because of the high structural homology betWeen 
the cupredoxins, it is contemplated that other cupredoxins of 
the family Will be able to interfere With ephrin signaling, and 
speci?cally inhibit the groWth of cancer in mammalian cells 
and tissues. In some embodiments, the cupredoxin is, but is 
not limited to, aZurin, pseudoaZurin, plastocyanin, pseudoa 
Zurin, rusticyanin or auracyanin. In particularly speci?c 
embodiments, the aZurin is derived from Pseudomonas 
aeruginosa, Alcaligenes faecalis, Achromobacler xylosoxi 
dans ssp. denitri?cans I, Bordelella bronchiseplica, Methy 
lomonas sp., Neisseria meningilidis, Neisseria gonorrhoeae, 
Pseudomonas ?uorescens, Pseudomonas chlororaphis, 
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Xylellafaslidiosa 9a5 or [?brio parahaemolylicus. In a very 
speci?c embodiment, the aZurin is from Pseudomonas 
aeruginosa. In other speci?c embodiments the cupredoxin is 
a plastocyanin, and more speci?cally a plastocyanin derived 
from Phormidium laminosum or Ulva perlusa. In other 
speci?c embodiments, the cupredoxin in a rusticyanin, and 
more speci?cally a rusticyanin derived from T hiobacillus 
ferrooxidans. In other speci?c embodiments, the cupredoxin 
comprises an amino acid sequence that is SEQ ID NO: 1-17, 
21-22. 

[0108] The invention provides for amino acid sequence 
variants of a cupredoxin Which have amino acids replaced, 
deleted, or inserted as compared to the Wild-type polypep 
tide. Variants of the invention may be truncations of the 
Wild-type polypeptide. As used herein, a “truncation” of a 
polypeptide is the peptide that results from the removal of at 
least one amino acid residue from at least one end of the 
polypeptide sequence. In some embodiments, the truncation 
peptide results from at least the removal of at least one 
amino acid reside, at least ?ve amino acid residues, at least 
10 amino acid residues, at least 50 amino acid residues, or 
about 100 amino acid residues in total from either or both 
ends of the polypeptide sequence. In some embodiments, the 
composition comprises a peptide that consists of a region of 
a cupredoxin that is less that the full length Wild-type 
polypeptide. In some embodiments, the composition com 
prises a peptide that consists of more than about 10 residues, 
more than about 15 residues or more than about 20 residues 
of a truncated cupredoxin. In some embodiments, the com 
position comprises a peptide that consists of not more than 
about 100 residues, not more than about 50 residues, not 
more than about 40 residues or not more than about 30 

residues of a truncated cupredoxin. In some embodiments, 
the variant is a peptide to Which a cupredoxin, and more 
speci?cally to SEQ ID NOS: 1-17, 21-22 has at least about 
90% amino acid sequence identity, at least about 95% amino 
acid sequence identity or at least about 99% amino acid 
sequence identity. 
[0109] In speci?c embodiments, the variant of cupredoxin 
comprises R aeruginosa aZurin residues 96-113 (SEQ ID 
NO: 18), 88-113 (SEQ ID NO: 19) or SEQ ID NO: 25. In 
other embodiments, the variant of cupredoxin consists of R 
aeruginosa aZurin residues 96-113 (SEQ ID NO: 18), 
88-113 (SEQ ID NO: 19) or SEQ ID NO: 25. In other 
speci?c embodiments, the variant of cupredoxin comprises 
Ulva perlusa residues 70-84 (SEQ ID NO: 20), Ulva perlusa 
residues 57-98 (SEQ ID NO: 32), or Ulva perlusa sequence 
SEQ ID NO: 28. In other speci?c embodiments, the variant 
of cupredoxin consists of Ulva perlusa residues 70-84 (SEQ 
ID NO: 20), Ulva perlusa residues 57-98 (SEQ ID NO: 32), 
or Ulva perlusa sequence SEQ ID NO: 28. In other speci?c 
embodiments, the variant of cupredoxin comprises Thioba 
cillus ferrooxidans rusticyanin sequence SEQ ID NO: 26, 
Chloro?exus auranliacus auracyanin (SEQ ID NO: 27), 
Cucumis salivus sequences SEQ ID NOS: 29 and 30. In 
other speci?c embodiments, the variant of cupredoxin con 
sists of T hiobacillus ferrooxidans rusticyanin sequence SEQ 
ID NO: 26, Chloro?exus auranliacus auracyanin (SEQ ID 
NO: 27), Cucumis salivus sequences SEQ ID NOS: 29 and 
30. In other speci?c embodiments, the variant consists of the 
equivalent residues to the above truncated sequences from 
another cupredoxin. It is also contemplated that other cupre 
doxin variants can be designed that have a similar activity to 
any of the aforementioned variants. To do this, the subject 
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cupredoxin amino acid sequence Will be aligned to the 
object cupredoxin sequence, such as those that contain the 
truncated variants above, using BLAST, BLAST2, ALIGN2 
or Megalign (DNASTAR), the relevant residues of the 
truncated variant located on the object cupredoxin sequence, 
and the equivalent residues found on the subject cupredoxin 
sequence, and the equivalent truncated variant thus 
designed. 
[0110] The variants also include peptides made With syn 
thetic amino acids not naturally occurring. For example, 
non-naturally occurring amino acids may be integrated into 
the variant peptide to extend or optimize the half-life of the 
composition in the bloodstream. Such variants include, but 
are not limited to, D,L-peptides (diastereomer), (Futaki et 
al., J. Biol. Chem. 276(8):5836-40 (2001); Papo et al., 
Cancer Res. 64(16):5779-86 (2004); Miller et al, Biochem. 
Pharmacol. 36(1):169-76, (1987)).; peptides containing 
unusual amino acids (Lee et al., J. Pept. Res. 63(2):69-84 
(2004))., and ole?n-containing non-natural amino acid fol 
loWed by hydrocarbon stapling (Schafmeister et al., J. Am. 
Chem. Soc. 122:5891-5892 (2000); Walenski et al., Science 
305:1466-1470 (2004)). and peptides comprising e-(3,5 
dinitrobenZoyl)-Lys residues. 
[0111] In other embodiments, the peptide of the invention 
is a derivative of a cupredoxin. The derivatives of cupre 
doxin are chemical modi?cations of the peptide such that the 
peptide still retains some of its fundamental activities. For 
example, a “derivative” of aZurin can be a chemically 
modi?ed aZurin that retains its ability to interfere With 
ephrin-signaling, and speci?cally inhibit the groWth of can 
cer in mammalian cells and tissues. Chemical modi?cations 
of interest include, but are not limited to, amidation, acety 
lation, sulfation, polyethylene glycol (PEG) modi?cation, 
phosphorylation and glycosylation of the peptide. In addi 
tion, a derivative peptide maybe a fusion of a cupredoxin, or 
variant, derivative or structural equivalent thereof to a 
chemical compound, such as but not limited to, another 
peptide, drug molecule or other therapeutic or pharrnaceu 
tical agent or a detectable probe. Derivatives of interest 
include chemical modi?cations by Which the half-life in the 
bloodstream of the peptides and compositions of the inven 
tion can be extended or optimiZed, such as by several 
methods Well knoWn to those in the art, including but not 
limited to, circulariZed peptides (Monk et al., BioDrugs 
19(4):261-78, (2005); DeFreest et al., J. Pept. Res. 63(5): 
409-19 (2004))., N- and C-terrninal modi?cations (Labrie et 
al., Clin. Invest. Med. 13(5):275-8, (1990))., and ole?n 
containing non-natural amino acid folloWed by hydrocarbon 
stapling (Schafmeister et al., J. Am. Chem. Soc. 122:5891 
5892 (2000); Walenski et al., Science 305:1466-1470 
(2004)). 
[0112] It is contemplated that the peptides invention may 
be a variant, derivative and/or structural equivalent of a 
cupredoxin. For example, the peptides may be a truncation 
of aZurin that has been PEGylated, thus making it both a 
variant and a derivative. In one embodiment, the peptides of 
the invention are synthesiZed With 0t,0t-disubstituted non 
natural amino acids containing ole?n-bearing tethers, fol 
loWed by an all-hydrocarbon “staple” by ruthenium cata 
lyZed ole?n metathesis. (Scharrneister et al., J. Am. Chem. 
Soc. 122:5891-5892 (2000); Walensky et al., Science 305: 
1466-1470 (2004)). Additionally, peptides that are structural 
equivalents of aZurin may be fused to other peptides, thus 
making a peptide that is both a structural equivalent and a 
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derivative. These examples are merely to illustrate and not 
to limit the invention. Variants, derivatives or structural 
equivalents of cupredoxin may or may not bind copper. 

[0113] In another embodiment, the peptide is a structural 
equivalent of a cupredoxin. Examples of studies that deter 
mine signi?cant structural homology betWeen cupredoxins 
and other proteins include Toth et al. (Developmental Cell 
1:82-92 (2001)). Speci?cally, signi?cant structural homol 
ogy betWeen a cupredoxin and the structural equivalent is 
determined by using the VAST algorithm. (Gibrat et al., Curr 
Opin Struct Biol 6:377-385 (1996); Madej et al., Proteins 
23:356-3690 (1995)). In speci?c embodiments, the VAST p 
value from a structural comparison of a cupredoxin to the 
structural equivalent is less than about 10_3, less than about 
10's, or less than about 10_7. In other embodiments, sig 
ni?cant structural homology betWeen a cupredoxin and the 
structural equivalent is determined by using the DALI 
algorithm (Holm & Sander, J. Mol. Biol. 233:123-138 
(1993)). In speci?c embodiments, the DALI Z score for a 
pairWise structural comparison is at least about 3.5, at least 
about 7.0, or at least about 10.0. Examples of these deter 
minations are found in Examples 2 and 9. 

[0114] In some embodiments, the cupredoxin, or variant, 
derivative or structural equivalent thereof has some of the 
functional characteristics of the R aeruginosa aZurin, Ulva 
perlusa plastocyanin, Phormidium laminosum plastocyanin 
or T hiobacillus ferrooxidans rusticyanin. In a speci?c 
embodiment, the cupredoxin or variant, derivative or struc 
tural equivalent thereof inhibits interferes With the ephrin 
signaling system, and/or inhibits the groWth of cancer in 
mammalian cells and tissues. The inhibition of groWth of 
mammalian cancer cells or tissues may or may not be related 
to any interference With the ephrin-signaling system by the 
cupredoxin, or variant, derivative or structural equivalent 
thereof. Methods that determine Whether the cupredoxin, or 
variant, derivative or structural equivalent thereof interferes 
With ephrin signaling are Well knoWn in the art, and include 
the determining of Whether the cupredoxin, or variant, 
derivative or structural equivalent thereof binds to a com 
ponent of the ephrin signaling pathWay, such as, but not 
limited to, an ephrin and/or an ephrin receptor. The ephrin 
signaling system at its broadest includes the ephrin and 
associated ephrin receptor, and any molecules (or “compo 
nents”) required to transmit the signal both backWard and 
forWard. In a narroWer vieW, the ephrin signaling system 
includes only the ephrin and related ephrin receptor respon 
sible for the signaling. The term “interfere” When used in the 
context of the ephrin signaling system can result in either an 
increase or decrease of the associated ephrin signaling, in 
either or both of the “forWard” and “backward” directions. 
Methods to measure the interference in the ephrin signaling 
system are Well knoWn in the art. One method to determine 
interference of ephrin signaling is the binding or competition 
of the peptide to or With an ephrin or ephrin receptor, or 
other component of the ephrin signaling system, as shoWn in 
Examples 6-8. In vivo systems can be used, such as the C. 
elegans Where it is noW knoWn that cupredoxins can inter 
fere With ephrin signaling to alter tail muscle formation and 
embryonic development, as described in Example 1. Other 
methods include, but are not limited to, the Eph receptor 
phosphorylation assay in Himanen et al. (Nat. Neurosci. 
7:501-509 (2004)). and Koolpe et al. (J. Biol. Chem. 280: 
17301-17311 (2005)). 
























































